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Abstract 


The architecture for the National Airspace System (NAS) in the United States has evolved over 
lime to relv heavily on the distnbution of tasks and control authority in order to keep cognitive 
complexity manageable for any one individual. This paper charactenzes a number of different 
subsystems that have been recently incorporated in the NAS. The goal of this discussion is to 
begin to identify the critical parameters defining the differences among alternative architectures 
in terms of the locus of control and in terms of access to relevant data and know e ge. t an 
abstract level, this analysis can be described as an effort to describe alternative ru es o t e 

came" for the NAS. 


Introduction 

Previously, Smith, McCoy and Orasanu (1998) have discussed attempts to improve efficiency 
within the NAS by changing the locus of control, and consequently changing patterns o 
interaction and information transfer between air traffic service providers (FAA Air Hattie 
Management Units orTMUs) and air traffic service users (Airline Operations Centers or AOCs). 
This previous work introduced the idea that one of the more powerful ways to influence decision 
making within a highly distributed system like the NAS is to "change the rules on the 
Assumption that this will influence organizations and individuals to adapt their decision-ma 'ing 
processes in desirable ways. In this context, two interesting ways in which the rules can be 
modified are bv changing the locus or nature of the control process or by changing the refereeing 
process. Below, this past work is briefly reviewed to remind readers of the context. Then new 
examples of such changes are discussed. 


Previous Examples 


One of the initial approaches to changing Traffic Flow Management (TFM) procedures was a 
shift from management bv direction, the standard air traffic control (ATC) paradigm, toward 
management bv permission, wherein exceptions to preferred routes could be requested by useis, 
considered bv providers in the light of their greater knowledge of system constraints and 
capabilities, and then granted if appropriate. Under this new paradigm, referred to as the 
National Route Program (NRP), while control remained within the FAA s Air Ira tic 
Management (ATM) system, important new information was shared between TMUs an : s. 

This paradigm shift induced greater information transfer between TMUs and AOCs, resulting in. 


Increase 


»d understanding by users of provider and system constraints, and 


Increased understanding 


by providers of user economic and operational needs. 


The use of this approach was associated with substantial fuel and time savings for an carriers. 

The weaknesses of the new approach included: 

. Increases in the time, and therefore personnel, required to accomplish one-on-one 
interactions between TMUs and AOCs concerning requests tor exceptions to the preferred route 

structures; and 

. The increased flexibility afforded to airspace users, while considerable, was still felt to be 
inadequate by air carriers because, they believed, of inherent conservatism on the part of 

ATM system. 

Experience with this program led to an important modification of the traffic management 
oaradi°m which can be called management by exception. In this paradigm, there was an act u 
transfer of control from TMUs to AOCs; AOCs were now permitted to file their desired flight 
plans which were automatically accepted by the ATM provider unless environmental condmons 
required more central control. The clearances granted remained subject to later tactical 
modification dunn* Fight if weather or traffic contingencies required such measures. This 
program is still in effecl and is called the expanded National Route Program (also abbreviated 
NRP). The benefits of the modified system include. 

. Greater flexibility for users to accommodate economic and other business objectives, and 

. Potentially, an ATM system that is more directly responsive to user requirements and needs 
as the users now have a way to express their preferences for routes very clearly (by actually film, 

those routes). 

;osts of this modified approach to air traffic management include. 


. Significant additional information must be considered by dispatchers if AOCs are going 
plan effectively around known or predicted ATC constraints; 


n£ to 


. Less information and knowledge exchange occurs between TMUs and ACG because user, 
do not have to mteract with traffic managers poor to executmg them plans. Thus <h, new 
nrocedure tends to negate the benefit of AOCs having a routine process tor sharing am traffic 
management's significantly greater knowledge of traffic patterns and constraints. 

Problem Statement 

As outlined above, observation of these two innovations in air traffic management revealed 
hcnnrial benefits but also significant shortcomings in the efficiency and flexibility of th 
resultant systems. In particular! the following issues had not been adequately addressed in t e 

enhanced NRP: 

. Use of some airspace was still inefficient due in part to inadequate distribution ot relevant 
information and knowledge to accompany this new distribution ot decision making authon . . 

. There are cases where there is no longer an independent decision-maker (''referee" ) to 
■ilinr’ite finite resources when thev are insufficient to meet the needs ot all usets. This lack ot a 
neutral resource broker can lead to cases wherein certain air carriers may carry out opera ions 
that significantly reduce system capacity, thus impacting the ability ot other airlines an 
sometimes their own airline) to conduct operations efficiently. 

Approaches to these Problems 

A new FAA/industry initiative called the Collaborative Decision Making (CDM) program is one 

mmm mmms 

management and decision support for providers and users. 

Several of these initiatives appear to hold promise for improving. 

. Understanding by both providers and users of each oihers' needs and priorities; and 

w „ v _ nf nlannin® and executing operations that make better use of constrained resources, 
without unacceptable! ncreases in system overhead, cognitive complexity or operator workloa . 

„ should be noted that the design of the original N'RP in 1991-92 and its 
ere ambitious attempts to improve system operation, motivated in large part by namruhsl, 
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an ATM system operating under continually increasing pressure. 

In particular, the studies summarized above illustrated how. if the systems architecture gives one 
person or group control of the situation, but that peison 01 gioup. 
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. Does not have the data or knowledge to support an effective decision; or 
. Does not initiate an interaction with the person or group that has this data or knowledge, 
then significant inefficiencies or even safety hazards can result. 

Se-enl of the efforts underway as part of the CDM program are intended to increase transfers or 

sSassg&ssssssssss&sz 

a different way to modify the locus of control. A few examples follow. 


Example 1. Increasing the Dissemination of Knowledge 


interactions. 

real-time interactions could be: 

. Development of some type of post-operations analysis tool that ldentlfi ^ routinely 
relevant knowledge; and 

preferable if they offer sufficiently nch means for two-way commumca 

Development of procedures by which the results of these post-operations and 

interactions are disseminated to responsible dispatchers at a, rimes and “ 4^3“ 
management staff at ATM facilities is also, of course, an essent.al part ot such a scheme. 

Tools to assist in acquiring such knowledge (such as the post-operations evaluation tool, POET) 

. i \ inri linked to asynchronous communications tools (such as the 
have been developed and linked to as >" ct,r “ n0 T ($ h e , , 19w The former is now 

rnll-iborative Slide Annotation Tool or C-bLAiN ij famuli cl ai., 
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was observed in the original NRP procedures. Figures 1-4 show examples of displays from these 
two software packages. 


piPOET 
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Figure 2. POET display of performance statistics for flights with 
to ATL departing 1115Z. 
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ft Flight Instance: 15007396 


Date: 
Flight Number: 
Tail Number: 
Carrier: 


|4/8/98 

1262 

|5§2 
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Departuie Airpoit: | 


Arrival Airport: JATL 
Schedule Departure Time: JTTl~5~ 


Aircraft: [SUPER80 


Actual: 
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Figure 3. Individual instance of the ORD-ATL 1 1 15Z flights. 





Search: [Date*: 4/1/93 To 4/30/93; Depart Time: 0000 To 2400: DplAptQRO; AriApt:ATL 


To: Atlanta Center 

From: Chief Dispatcher, BBB Airlines 

|As you can see from this slide, we have been experiencing 
mator problems for our 1 1 1 5Z departures from GRD to ATL. 
The white arrow on the slide points to results indicating that 
we are averaging 19.5% more air fuel burn than desired In 
addition, I've circled m black the portion of the flights where 
we seem to be having problems with vectoring and holding. 

I Do you have any insights into what is causing this problem 

- r-> Mlith ll^ 
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Actual 

1 9.0770 

10.844 0 


Difference 


1766.9 195% 




Figure 4. Sample C-SLANT slide. (Typically, annotations using CSLANT 
use voice and pointing rather than text.) 
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Example 2. Management by Control with Increased Flexibility 

Another aDDroach to improving traffic management when resources are constrained, while 

£v d L » much flexibility a*s posstbie. is for traffic managers to ' ^ h '° e ., 

P r vhirh th en decide which options they prefer for specific flights. For example, ir tnere 

“o mi'les-in-lrnil restnction for southbound flights through central Florida, traffic managers 
; that there are two options: to file flights along that route with a 20 miles-.n-trail 

m t on nr to file those flights along the east coast of Florida with no dynamic capacity 
restnction. «»hklto = = communicating their knowledge of the situation 

T" S „ ^fiaenf b tract leve, ^ leav ng earners free to adopt whichever strategy favors them 
business objdcttvea (This ,s' primarily a one-way flow of information and knowledge, however., 

Example 3. Changing the Parameter of Control 
Makins 

iintr^rriSe ss of 

control was at the level of specific flights. 

giving airlines more flexibility to meet their business objectives. 

Example 4. Use of a Neutral Resource Broker 

in the enhanced Ground Delay Program introduced in baffle m = r — 

[h e use of a constrained Another d, mens, on of this 

giving the airlines maximum flex b\^ allows am val slots to be exchanged 

program is t e use P t restriction has been imposed by traffic managers 

between a, rimes when » ,m«! ra an amval s , ot at an affected airpon in 

system efficiency is improved S .ha, gives up the 

rJSr: that airhne ^ receives the slot vacated 

by the aircraft moved up. 

Example X Shifting the Locus of Control to Match the Locus of Data 

, u t v1 o Kppn a si CT nificant increase in the demand for certain high 

aUHude sec tors. Is welUs an increase inWcomplexitv of the traffic patterns within those 
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sectors One contributing factor has been the changes in traffic patterns because of the use of the 
expanded NRP bv the airlines. A second has been the transition ot commuter and regional 
carriers from turbopropellor aircraft into high-performance small jets. The magnitude ot this 
latter change is illustrated by transport aircraft sales during the last year, "when o34 regional jets 
were sold and only 25 turboprops," (Eccleston, 2000). 

An example of this problem is associated with crossing aircraft traffic in New York Air Route 
Traffic Control enroute airspace from the Hancock VOR flying westbound across J(et airways) 
95/36/003 departure routes and J-584/146 arrival routes into New York. The departing and 
arrivin'* traffic is either climbing or descending, and the crossing enroute traffic adds increased 
complexity into air traffic management. One such flight on a crossing route introduced at an 
inappropriate time can require several controllers to make numerous decisions and take control 
actions that limit the ability to work the normal traffic in this high altitude sector. When such 
crossin 0 flight appears during a departure "push" at a major airport, that single flight can delay 
departures bv 10-15%. Thus, although the route for the enroute crossing flight may be more fuel 
efficient, departure rates for all other aircraft may be significantly decreased. 

One possible solution to such problems is to provide AOCs with more detailed knowledge about 
air traffic bottlenecks and to allow them to use the new knowledge to resolve the ; P rob ‘ er ^ s 
amon° themselves as much as possible (the approach discussed in Example 1) For cases where 
Jhe situation is competitive, however (such as the case in which one earner is tiling the crossin, 
routes while others are impacted by the departure delays), some sort of re ereein, may e 
necessary. In these cases, the first step is to establish which type ot traffic should have pnont 
Specific cases at any one airport can pose difficult decisions, though widespread application ot 
prioritization may balance out specific inequities. 

However, it is important not to become fixated on single solutions. To deal with departure 
delays due to crossing traffic from NRP flights, it might be possible to at least partially so ve the 
crossin 0 problem bv making use of lower altitudes for departures and arrivals. An example of 
the use of this strategy is the use of a wider spectrum of altitudes to relieve ground delays or 
departin'* traffic in the New York area, through the application of the Low Altitude Arrival and 
Departure (LAADR) program. In this case, cooperation between FAA traffic managers and 
AOCs has led to shifting the locus of control from AOCs back to traffic management units 
which have better real-time data to make decisions about which flights to assign to LAAD s. 

To better accommodate airline constraints, however, this is done as part ot a collaborative 

process. 

As an illustration, if the high altitude sector for North Gate departures is projected to be 
overloaded during the evening (usually because of specific wind patterns), New York Center 
traffic manaaers have in the past initiated departure stops on all northbound flights, often 
delayin'* departures throuah the North Gate for about 45 minutes until the situation is resolved. 
These blanket departure delavs have been effective in preventing traffic overloads in the high 
altitude departure sector, but at a substantial cost to many airlines in terms ot serious delays. 

To deal with this situation more effectively and less intrusively, procedures have been developed 
to allow the Center traffic managers to work in collaboration with AOCs to dynamical y adjust 
departure altitudes for specific flights. It is intended for use only as needed and typically 
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involves capping 2-4 departing aircraft at a lower than normal altitude (22,000 feet) to reduce 
peak con°estion in the higher altitude air traffic control sector. This process makes it possib e o 
avoid abrupt departure stops at New York airports during peak periods in the evenings Flights 
elimble to involvement in the program would typically be short-haul flights to destinations such 
as Buffalo and Toronto; in general, the selected Bights remain at the lower altitude to their 

destinations. 

In brief, the use of LAADRs for New York Center (ZNY) North Gate departures involves: 

. Making early predictions about conditions likely to cause excessive traffic delays in the high 
altitude departure sector. If ZNY expects wind conditions will lead to route tilings that will 
significantly impact the North Gate departure sector between 6 and 9 pm, it will raise the issue 
on a m.d-dav telecon with the airline AOCs. If it is agreed that the procedure may be needed, 

ZNY will send out an advisory at least two hours before the time ^ hen ^DR ,n g 5 may become 
necessary This advisory goes to the ATC System Command Center (ATCSCC), to affected 
surrounding Centers and TRACONs, and to the Airline AOCs. It is updated it conditions 

change. 

Airlines can inform the ATCSCC if one or more of their flights should not be requested to 
accept a LAADR clearance on that day, because of fuel requirements or other limitations. Those 
flight will not be considered by the TMU; if required, they will be given ground holds instead ot 

low-altitude departures. 

. Other flights of participating a, nines depart, ng New York during the tin* 
in the advisory are fueled so that they can fly etther at their preferred crutse altitude or a the 
lower LAADR altitude, and their pilots are informed that the flight may be asked by ATC 
'°Z loweraltitude. (Pilots ate also asked not to request htgher altitudes once enroute to avotd 
excessive radio frequency congestion and increased controller workloa .) 

. Based on traffic loads close to the departure time, traffic managers make a decision whether 
to leave each participating flight at its original filed altitude, or to change the flight plan to show 
the lower LAADR altitude. This change is normally communicated to the flight crew at taxi-out. 

asking for their concurrence. 

An alternative solution for this problem would have been for airlines to voluntarily file some 
fliahts throush the lower, less congested low altitude departure sector. This would have been 
inefficient, however, as in this case AOCs do not have the real-time data to decide which flights 
should be held at the lower altitude and which should not. 

Thus under past procedures, ZNY had only one tool available to deal with this situation; 
delavtn. departures by very dtsruptive ground stops. Given airline priorities ra 99S (they »etr 
willingTo expend slightly more fuel fly, ng short flights a, lower altitudes it this lessened 
, ( dflavs; the LAADR procedure offered a way to decide dynamically whteh dig s 

shou d be tw l^iauLdes and thus tncrease needed capactty. It shifts the locus ot contro 
select, n« altitudes for certain flights) from AOCs back to traffic managers, as the atter are ,n the 
best position to make the real-time decisions. It does so, however, in a way that allows the 
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A OC s ,o place ceriain constraints on the process by exempting flights from ,he process when 
f h ^s necessary or desirable for economic or safety reasons. 

Th ,s is a significant architectural change. As 

control over pre-flight planning beca comro l is also being shifted, but from AOCs to 

associated with various "'ghtpUns . h data ^ know | edge I0 make appropriate 

traffic managers because the TMLs I nave h ffic managers a num ber of options that 

parS^d bating thetr prtonties for these options. 

General Discussion and Conclusions 

The vanous FAA/industry initiatives " 

greater flexibility for system users, and to imp ATM system daring the past decade 

inherJcomple.xity and the seventy of the demands being 

placed on it by rapidly increasing traffic. 

, rxfhpcic that shifting the locus of control in the system will be 
These observations support the hyP'A' ^ ' , management, dislnbutton, and display of 

accompanied by a need for “'"m’ (Smtth, e. ah. 1999). They further 
relevant information and know , e - „ deal with all of the situations that anse in the 

suggest that there is no one best ® l "'' c that ther e are various ways to distribute 

nir traffic management system. Rather, tney su ao 
contr^ along with access ,0 the relevant data and knowledge. 

In shon these observations about the evolution of the NAS lead to the following hypotheses: 

. That distributed d ec ' s ' on *^ k ^^|g da ^ r gq^|redof each^decision^ m^l^r^^m^pi^sures 0 ^ 1 
",h-,^ 

individuals. Conversely, we mus function and with feedback about the 

knowledge necessary to adequately perform his or her function, 

impacts of these decisions. 

. In a system involving constrained must be 
referee to ensure that all users are -.m ^ information sources are considered by the 

involved in planning to ensure that th , Uv Wlll not work under temporal pressure, 

system. Though "commute* t0 dedsi0 n making is often possible and useful. 

"committee consultation 01 c ^ V svstem decisions once made, 

and may significantly improve and limit uiticisn 
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At heart the relationship between the distribution of information and the distribution of 
auth^tv^o use^hTun^rTna^ion tor decision making is a cognitive engineering anti psychology 

problem, above ^*ond»y comem. objectives 

“ss" & «c^ « - ** ,m P . y ■»„ » 

assist human decision makers to order and direct system behavior. 

Clearly there is a need for data to evaluate the 3 -^“ " “r.lt 

first^epsls to\ P |e"riy idLlifCthe parameters defining different cognitive architectures for such a 
complex system, so the contributing factors influencing individual and organization 
performances can be studied more effectively. 
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